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Our Wildest Dream: 
Discovering “Constellations” in Chemical Space

O. A. von Lilienfeld, K.-R. 
Mueller, and A. Tkatchenko, 

Nature Rev. Chem. 4, 347 
(2020).

Constellation Orion, Credit: Wikipedia “Constellation Aspirin”



Chemical Compound Space: Designing Molecules

O. A. von Lilienfeld, K.-R. Mueller, and A. Tkatchenko, 
Nature Rev. Chem. 4, 347 (2020).



Chemical Compound Space: Designing Molecules

A. Tkatchenko, Nature Commun. 11, 4125 (2020).



CCS of Small Molecules: QM7-X Dataset
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Chemical Compound Space: Freedom of Design
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Chemical Compound Space: Freedom of Design



Chemical Compound Space: Pareto Fronts

L. Medrano Sandonas et al., Chem. Sci. 14, 10702 (2023).



(Baby)-Steps Towards Inverse Molecular Design

Can we parameterize the 
chemical space of structures with 

a select set of QM properties?

  Goal: 
ML model to map QM properties 

to structures



Towards Inverse Molecular Design
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(Baby)-Steps Towards Inverse Molecular Design

A. Fallani, L. Medrano Sandonas, and A. Tkatchenko, 
Nature Commun., under review (2023).
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(Baby)-Steps Towards Inverse Molecular Design:
Dataset and Representation



(Baby)-Steps Towards Inverse Molecular Design:
Structure Reconstruction from QM Properties



(Baby)-Steps Towards Inverse Molecular Design:
Which QM Properties?
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(Baby)-Steps Towards Inverse Molecular Design:
A Common Latent Space



(Baby)-Steps Towards Inverse Molecular Design:
A Common Latent Space



(Baby)-Steps Towards Inverse Molecular Design:
Finding Molecules with Given Properties



(Baby)-Steps Towards Inverse Molecular Design:
”Extrapolation” to De Novo Molecules 

A. Fallani, L. Medrano Sandonas, and A. Tkatchenko, 
Nature Commun., under review (2023).



Combining Direct and Inverse Molecular Design

A. Tkatchenko, Nature Commun. 11, 4125 (2020).
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